Background and objective The optimal primary intervention for treatment of clinically localized high-grade prostate adenocarcinoma remains to be identified. The present investigation reports disease control and survival outcomes in patients treated with primary radical prostatectomy.
H igh-grade localized prostate cancer is associated with suboptimal prostate-specific antigen (PSA) control and survival, 1 and optimal management remains to be defined. 2 While radical prostatectomy is not precluded, high-risk pathologic features are often identified for which postoperative radiotherapy is presently recommended, based upon the results of 2 large multicenter phase 3 trials. 3, 4 Thus, many patients are treated upfront with radiation therapy-based applications, coupled with long-term hormone therapy, which has been established as a standard of care. 2, 5 As such, there are few contemporary studies evaluating the disease control outcomes specifically for patients with high-grade disease (Gleason score Ն 8, per AJCC, low risk defined as score Յ 6, intermediate risk 7, and high-risk Ն 8), treated with radical prostatectomy, and followed post-operatively without hormone manipulation. The present investigation reports on disease control and survival outcomes for this population, including pre-and postoperative factors associated with these endpoints.
Patients and methods
Following Institutional Review Board approval at Sanford Medical Center and St. Alexius Medical Center (Bismarck, ND), a research database was created with study-specific patient, treatment, and outcome data fields. Eligible cases were identified by review of medical records and quality assurance database. After selection for prostate adenocarcinoma cases, a review of patient records was performed to eliminate patients with advanced or metastatic dis-ease at diagnosis (including preprostatectomy evidence of seminal vesicle or pelvic lymph node involvement) or Gleason score Ͻ 7 at biopsy. All of the patients had undergone radical prostatectomy with pathologic evaluation of surgical margins, seminal vesicles, and regional lymph nodes. Postoperative evaluations included physical examination and PSA measurement every 3-6 months for the first 2 years postprostatectomy, and every 6-12 months thereafter. In the setting of PSA or clinical relapse, re-staging imaging and subsequent intervention or interventions were performed at the discretion of the managing urologist.
The principal outcome measure of this retrospective study was freedom from failure, specifically postprostatectomy PSA, measured from date of prostatectomy to date of first rising PSA Ͼ 0.1 ng/mL, or last follow-up or death if no PSA rise occurred. Secondary outcome measures included overall survival and analysis of factors associated with freedom from failure and survival. Patient status at last follow-up was recorded as "alive, no evidence of disease," "alive with disease," "died of or with disease," or "died of other cause."
Statistical analysis
Kaplan-Meier survival curves were constructed to describe freedom from failure and overall survival for the entire cohort. Cox proportional hazards model were used to identify continuous and dichotomous variable association with disease control; categorical variables were analyzed by log-rank analysis. Analyses were performed using SPSS Version 10 (SPSS Inc; Chicago, IL).
Results
Between January 2002 and December 2010, 533 patients diagnosed with prostate cancer underwent radical prostatectomy using the retropubic approach. Of these, 50 patients with Gleason score Ͼ 8 at biopsy were identified and included in the present investigation. Patient demographics and pre-operative tumor characteristics are shown in Table 1 , and pathologic tumor characteristics, treatment specifics, and postoperative data are described in Table 2 .
At a median survivor follow-up of 46.6 months (range, 4.2-104.6 months), 33 patients had experienced disease recurrence, and 4 had died with uncontrolled disease. Estimated 5-year freedom from failure was 16.6% (95% CI, 14.5%-18.7%; Figure 1 ), and overall survival was 87.6% (95% CI, 85.7%-89.5%; Figure 2 ). Only 1 patient was demonstrated to have had distant failure at the time of recurrence. Characteristics of recurrence and salvage therapy are shown in Table 3 . Specific to success of salvage therapies, 11 of 33 patients underwent curative-intent salvage radiotherapy, of whom 7 (60%) demonstrated PSA control at a median of 38.5 months post salvage (range, 7.0-63.0; 3 with concurrent hormone therapy).
Analysis of factors associated with freedom from failure demonstrated statistically significant associations with pathologic AJCC stage, Gleason score at biopsy and prostatectomy, capsule invasion, involved surgical margin, seminal vesicle involvement, percent lymph nodes involved, and postoperative PSA ( Table 4) .
Analysis of factors associated with overall survival demonstrated statistically significant associations with interval from biopsy to prostatectomy, surgical margin status, and seminal vesicle involvement (Table 4) .
Discussion
High-grade prostate adenocarcinoma is associated with poor disease control and survival outcomes; the findings of the present investigation mirror those of other investigators, 1,6-11 with disease control rates below 50% at 5 years. For Gleason 8-10 patients treated with a primary surgical approach, locoregionally advanced disease is a common finding, 6, 12 which was corroborated within the present study. In these cases, postoperative radiotherapy (RT) is strongly recommended, 2 particularly when there is seminal vesicle invasion, penetration of the prostate capsule, and/or involvement of the surgical margins. Several randomized phase III trials have demonstrated superior PSA control with Original Research early postoperative RT, 3,4,13 which has translated into superior distant metastasis-free and prostate cancerspecific survival. 3 The contemporary magnitude of benefit may be higher, as subsequent evidence has demonstrated superior efficacy of higher doses of RT than was employed in the trials.
14 While the randomized trials were not limited to patients with high-grade pathology, several 
FIGURE 1
Freedom from failure for study population.
Watkins & Watkins et al
studies have confirmed improved outcomes for nodenegative patients treated with postoperative RT. 6, 7 This benefit holds in the setting of undetectable PSA following prostatectomy. 12, 15 For those patients with radiographically nonmetastatic but pathologically node-positive disease, androgen deprivation therapy is recommended, due to high likelihood of subclinical metastatic disease. 2 Within the present study population, 11 patients underwent salvage radiotherapy after PSA failure, of whom 7 have sustained PSA control at a median of 28.4 months post salvage. While many of these patients had indication(s) for early postoperative (adjuvant) radiotherapy, the response rates would suggest that local failure remains a predominant pattern of recurrence or progression. This finding has been demonstrated in other series of high-risk patients, 6, 16, 17 particularly in the setting of an involved surgical margin 16, 17 and when salvage radiotherapy is initiated early. 17 Subset analysis from the landmark Southwest Oncology Group (SWOG) randomized trial demonstrate superior PSA control and decreased risk of distant metastases when radiotherapy is initiated within 4 months of prostatectomy rather than at salvage, 3 likely owing to reduced tumor burden and less opportunity for metastasis.
Given the likelihood of recommendation for post-operative radiation and/or hormone therapy following prostatectomy for high-grade prostate cancer, the use of definitive RT plus longcourse hormone therapy is a standard recommendation, 2 as evidenced by long-term data from phase 3 trials. 5, 18 While prospective head-to-head comparisons have not been performed, retrospective analyses suggest at least equivalent outcomes for RT plus hormone therapy, 8 sparing patients the morbidity of upfront surgical intervention. The present investigation confirms the high likelihood of advanced disease, with 32 of 44 (73%) node-negative patients having an indication for postoperative radiotherapy with or without hormone therapy.
Further confounding the optimal therapy recommendation for Gleason 8-10 disease are the limitations of pre-intervention staging. While pelvic CT is considered standard, the diagnostic yield is considered low, with accuracy of about 65%. 19 For distant metastatic disease staging, bone scans are recommended; 2 however, the specificity of scintigraphy at PSA Ͻ 20 ng/mL is low, 19 and bony relapse following a negative staging scintigraphy is common in the setting of high-grade prostate cancer. 5 Within the univariate analysis, several factors were identified as correlated with disease control and survival outcomes. Of these, seminal vesicle invasion was the only factor associated with both PSA relapse and overall survival, a finding reported by other investigators. 6 Our findings also align with factors described by others, including pre-operative PSA 6, 8, 9 and margin status. 9 An interesting finding of this study is the inverse association between interval between biopsy to prostatectomy and overall survival. Adverse outcomes for delayed initiation of therapy have been described with other aggressive tumor types, 20 but such an association has not been previously described in the literature specific to high-grade prostate cancer. At present, no specific recommendation can be made, as this finding should be validated on a larger pool of high-grade prostate cancer patients.
Conclusions
Biopsy-proven high-risk Gleason score prostate adenocarcinoma is associated with suboptimal PSA control at 5 years post prostatectomy; however, in the setting of negative seminal vesicles and lymph nodes, the pattern of failure appears to be local. Further investigation of the association between survival and the biopsy-prostatectomy interval is warranted. Early postoperative RT should be considered, particularly when the surgical margin involvement, extraprostatic extension, and/or seminal vesicle invasion is noted. 
